
WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 ; 
H05K 7/20, F28D 7/00 



Al 



(11) International Publication Number: WO 00/52979 

(43) International Publication Date: 8 September 2000 (08.09.00) 



(21) International Application Number: PCT/SEOO/00148 

(22) International Filing Date: 26 January 2000 (26.01.00) 



(30) Priority Data: 
9900740-3 



2 March 1999 (02.03.99) 



SE 



(71) Applicant (for all designated States except US): TEKNISK 

INSTALLAnONSLEDNING I VAXlO AB [SE/SE]; 
Vardagsvagcn 4, S-352 61 Vaxjd (SE). 

(72) Inventors; and 

(75) Inventors^AppHcants (for US only): SVENSSON, Bengt 
[SE/SE]; Porthusvagen 11. S~352 61 VaxjO (SE). 
SJOBERG, Alf [SE/SE]; Vardagsvagen 4, S-352 61 Vaxj6 
(SE). 

(74) Agent: AWAPATENT AB; Box 5117, S-200 71 Malmft (SE). 



(81) Designated States: AE, AL, AM, AT, AT (Utility model), AU, 
AZ. BA, BB, BG, BR, BY, CA, CH, CN, CR, CU, CZ, CZ 
(Utility model), DE, DE (Utility model), DK, DK (Utility 
model), DM. EE. EE (Utility model). ES, FI. FI (Utility 
model), GB. GD, GE, GH. GM, HR. HU, ID. IL, IN. IS. 
JP. KE. KG» KP. KR, ICR (UtHity model), KZ. LC, LK. 
LR, LS, LT. LU, LV. MA, MD. MG, MK, MN, MW. MX, 
NO, NZ, PL. PT. RO. RU. SD. SE, SG, SI, SK, SK (Utility 
model). SL. TJ. TM. TR. TT, TZ. UA, UG, US. UZ. VN, 
YU, ZA, ZW, ARIPO patent (GH, GM, KE, LS, MW, SD. 
SL. SZ. TZ, UG, ZW), Eurasian patent (AM, AZ. BY. KG, 
KZ, MD, RU, TJ, TM), European patent (AT. BE, CH. CY. 
DE. DK. ES, FI. FR, GB. GR, IE, IT, LU. MC, NL, PT, 
SE), OAPI patent (BF. BJ, CF, CG, a. CM. GA. GN, GW, 
ML, MR, NE. SN, TD. TG). 



Published 

With international search report. 

In English translation (filed in Swedish). 



(54)Tiae: COOLING FAN UNIT 

(57) Abstract 

A fan unit for cooling of 
heat-generating equipement comprises 
an air-cooled heat-exchanging element 
(2) which is adapted to remove heat from 
said equipment The heat-exchanging 
element (2) has a front which is fomied 
in a first tubular duct having a first 
duct opening (7), through which a first 
fan (3) blows air towards the front of 
the heat-exchanging element (2), and a 
second duct opening (10) through which 
a second fan (4) blows air cowards the 
front of the heat-exchanging element (2), 
and a diird duct opening (12) which is 
formed between the first and the second 

duct opening (7, 10), so that the airflows generated by the first and the second fan (3, 4) meet at the third duct opening (12) so as to leave, 
in the form of one airflow* die duct through said opening (12). 
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COOLING FAN UNIT 

The present invention relates to a fan unit for 
cooling of heat -generating equipment, such as electric 
components, said unit comprising an air-cooled heat- 
exchanging element which is adapted to remove heat 
5 from said equipment, and at least two fans which are 
adapted to blow air towards the heat -exchanging element 
to increase its heat removing effect. 

Such a fan unit is known from e.g. US-A-5 , 638 , 895 • 
The advantages of the unit disclosed in said specifica- 

10 tion include, apart from the high cooling effect thanks 
to the two fans, also greater interruption reliability 
than in fan units with a single fan only. The reason is, 
of course, that the probability of both fans failing at 
the same time is extremely small/ and that the processor 

15 cooled by means of the fan unit may in most cases remain 
in operation also after failure of one of the fans. 

Starting from the known fan unit, the object of the 
invention is to minimise the consumption of energy for 
operating the fans and, in case of failure of one of 

20 them, to achieve a higher cooling effect of the remain- 
ing fan. 

According to the invention, this object is achieved 
with a fan unit of the type mentioned by way of introduc- 
tion by the heat -exchanging element having a front which 

25 is formed inside a first tubular duct having a first duct 
opening which is formed in a duct wall at a first end of 
the duct and through which a first fan is adapted to blow 
air towards the front of the heat -exchanging element, a 
second duct opening which is formed in the duct wall at 

30 an opposite end of the duct and through which a second 

fan is adapted to blow air towards the front of the heat- 
exchanging element, and a third duct opening which is 
formed between the first and the second duct opening, so 
that airflows generated by the first and the second fan 
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meet at the third duct opening to leave the duct in the 
form of one airflow through said opening". 

Thanks to the fact that the airflows generated by 
the fans are conducted through a duct from both ends of 
5 the duct to meet at an intermediate opening and be remov- 
ed therethrough, the airflows are used more efficiently 
than in the prior-art solution, in which a certain amount 
of leakage and a reduction of the cooling effect caused 
thereby are difficult to avoid. Moreover, in case of 

10 failure or switching off of one of the fans in the fan 
unit according to the invention, the remaining fan is 
always used more efficiently than before since the air- 
flow generated by this fan will then to a great extent 
pass the third duct opening to leave the duct only after 

15 passing the entire heat -exchanging element through the 
duct opening with the damaged or switched-off fan. 

According to an embodiment of the invention, the 
duct openings are formed in the duct wall opposite to 
the heat -exchanging element. The advantage of this solu- 

20 tion is that the fans then blow air straight towards the 
heat -exchanging element and that mounting of the fan unit 
in, for example, an apparatus housing is facilitated by 
the three duct openings belonging together then being 
capable of leading into three corresponding vent openings 

25 formed in one and the same wall of the housing. 

In a variant of the invention, a first temperature 
sensor is adapted to connect, by a means of a thermostat, 
the first fan when a first temperature level is exceeded, 
and a second temperature sensor is adapted to connect, by 

30 means of a thermostat, also the second fan when a second 
temperature level higher than the first temperature level 
is exceeded. In this way, it will be possible to save 
energy in an extremely simple way when a great cooling 
effect is not required as well as to accomplish continued 

35 operation with a moderately reduced cooling effect with- 
out any direct monitoring of the actual fan function. 
Besides, it is in this way possible to achieve an automa- 
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tic, significant reduction of the fan noise at night when 
the required cooling effect normally is smaller, which 
is a great advantage in built-up areas. It has also been 
found suitable in experiments to arrange the temperature 
5 sensors so as to sense the temperature levels at the 
third duct opening since this is directly contacted by 
the airflows generated by the fans. 

Especially when cooling electric components which 
are mountable directly on a refrigerated wall, the heat- 

10 exchanging element is suitably designed as a cooling ele- 
ment provided with cooling flanges. On this cooling ele- 
ment, said components are mounted on the side facing away 
from the cooling flanges, and, for better guiding of the 
airflows in the duct, the cooling flanges of the cooling 

15 element extend essentially in the longitudinal direction 
of the duct in such manner that the duct is divided by 
the cooling flanges into a plurality of parallel pas- 
sages . 

In another variant of the invention, the heat- 

20 exchanging element has a back which is formed inside 

a second tubular duct having a first duct opening which 
is formed in a duct wall at a first end of the duct and 
through which a third fan is adapted to blow air towards 
the back of the heat -exchanging element, a second duct 

25 opening which is formed in the duct wall at an opposite 

end of the duct and through which a fourth fan is adapted 
to blow air towards the back of the heat -exchanging ele- 
ment, and a third duct opening formed between the first 
and the second duct opening, so that airflows generated 

30 by the third and the fourth fan meet at the third duct 
opening to leave, in the form of one airflow, the duct 
once more through this opening. This variant is, despite 
its simplicity, thanks to the totally four fans, very 
efficient and most reliable, which has been proved by 

35 measurements carried out by the applicant. Assuming that 
the fan unit in operation of all four fans yields an 
effect of 100%, these measurements have, in operation of 
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three fans, demonstrated a remaining effect of up to 85%, 
in operation of one fan per duct a remaining effect of up 
to 72% when the fans operated diagonally, and up to 65% 
when the fans operated in parallel. The excellent yield 
5 especially in operation of three fans and of two diago- 
nally operating fans is explained by the fact that the 
airflows in the two ducts in such operation are at least 
partly directed countercurrently to each other. 

The latter variant is particularly usable for cool- 

10 ing of electric equipment in apparatus housings which 

can be intended, for example, for base stations in mobile 
telephone networks, in which case according to the inven- 
tion a second duct communicates with a hermetically seal- 
ed chamber (i,e. the inner space of the apparatus hous- 

15 ing) , in which said heat -generating equipment is arrang- 
ed. 

In a manner similar to that described above, a 
first temperature sensor is in the latter variant suit- 
ably adapted to connect, by means of a thermostat, a fan 

20 at the first duct and a fan at the second duct, when a 

first temperature level is exceeded in the chamber, and a 
second temperature sensor is adapted to connect, by means 
of a thermostat, also the remaining fans when a second 
temperature level which is higher than the first tempera- 

25 ture level is exceeded in the chamber. Conveniently, the 
temperature sensors are arranged to sense temperature 
levels in the chamber at the third duct opening of the 
second duct. It will thus be possible to reliably con- 
trol, with simple means, the fan effect and, thus, the 

3 0 cooling effect whether varying temperatures in the cham- 
ber depend on varying ambient temperatures or failure of 
a fan. 

According to a preferred embodiment of the inven- 
tion, the heat -exchanging element has a back which is 
35 formed inside a second tubular duct having a first duct 
opening which is formed in a duct wall at a first end 
of the duct and a second duct opening which is formed in 
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the duct wall at an opposite end of the duct, a third fan 
being adapted to generate an airflow which flows into the 
second duct through the first duct opening and out of 
this duct through the second duct opening. It has been 
5 found that this somewhat simpler embodiment compared with 
the embodiment comprising four fans makes it possible to 
provide, at a somewhat reduced airflow through the second 
duct, a lower temperature of the air leaving this duct, 
which makes this embodiment especially usable for cooling 

10 of heat -generating equipment in hot climates. 

In experiments, it has been found convenient to 
arrange in the preferred embodiment the third opening 
of the first duct closer to the first than to the second 
opening since in this way it will be possible to provide 

15 a greater difference in temperature between the front and 
the back of the heat -exchanging element in the duct part 
between the second and the third duct opening. 

It will be appreciated that the duct openings also 
in the preferred embodiment can be formed in the duct 

20 wall opposite to the heat -exchanging element, and that 

the second duct can also communicate with a hermetically 
sealed chamber, in which said heat -generating equipment 
is arranged. 

For the fan unit according to the preferred embo- 
25 diment, a temperature sensor is preferably adapted to 
regulate the speed of the first and the second fan in 
dependence on the temperature level in the chamber, the 
advantage of this solution being that it is the one that 
causes the minimum energy consumption. 
3 0 Like in the solution with the thermostats at the 

second duct, the temperature sensor is suitably adapt- 
ed to sense the temperature level in the chamber at 
the second duct opening of the second duct since in this 
position a most accurate temperature indication will be 
3 5 obtained. 

Moreover, in the preferred embodiment the third fan 
is preferably arranged at the second duct opening of the 
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second duct. This arrangement means that the fan operates 
in an extracting manner and thus in the air cooled by 
means of the heat -exchanging element, which contributes 
to increasing the service life of the fan. 
5 Finally, in the solutions with the second duct it 

has been found convenient to design the heat -exchanging 
element as a sheet metal element which is folded in an 
essentially meandering manner and whose ridges and inter- 
mediate troughs inside the ducts extend in such manner , 

10 in the longitudinal direction of the ducts that these are 
each divided into a plurality of parallel passages. As 
a result, the airflows in the ducts on each side of the 
sheet metal element are given large surfaces that are 
necessary for efficient heat exchange and, owing to the 

15 folding of the sheet metal element, they are also orient- 
ed in a favourable manner in the ducts. 

The invention will now be described in more detail 
with reference to the accompanying schematic drawings, 
in which 

20 Fi9' 1 is a perspective view of a first fan unit 

according to the invention; 

Fig. 2 is a side view of the fan unit in Fig. 1; 

Fig, 3 is top plan view of the fan unit in Fig. 1; 

Fig. 4 is a side view of a second fan unit accord- 
25 ing to the invention, of which unit only one end and a 
few details which are normally concealed are shown; 

Fig. 5 is a cross-sectional view of the unit in 
Fig. 4 seen along the line V-V in this Figure; 

Fig. 6 is a first top plan view of an alternative 
30 fan unit; 

Fig. 7 is a broken-up side view of the alternative 
fan unit; and 

Fig. 8 is a second top plan view of the alternative 
fan unit. 

35 In the specification, claims and abstract, the same 

reference numerals are used for equivalent details in the 
various embodiments. 
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The fan unit 1 in Figs 1-3 is adapted to cool elec- 
tric equipment in an apparatus housing which is generally 
designated C and not shown in more detail. The fan unit 1 
is essentially box- shaped and comprises two tubular ducts 
5 6, 18 which will be described in more .detail below. The 
first of these ducts 6 has three openings 7, 10, 12 form- 
ed in one large face 8 of the box- shaped fan unit 1 while 
the second duct 18 parallel with the first duct has three 
openings 19, '23, 26 formed in the opposite large face 20 

10 of the fan unit 1. 

In the first and second opening 7, 10 of the first 
duct 6, one axial fan 3, 4 each is mounted, and in the 
first and second opening 19, 23 of the second duct 18 one 
axial fan 22, 25 each is mounted. Of these, only the fans 

15 3 and 4 in the two openings 7 and 10 are to be seen in 

Figs 1 and 2, but it will be appreciated that correspond- 
ing arrangements are to be found at the other two open- 
ings 19 and 23. All fans are adapted to generate airflows 
which are directed into the associated duct and which are 

20 illustrated by arrows Fl, F2, F4 and F5 in Fig. 2. In the 
ducts 6, 18, the airflows are diverted by the duct walls 
towards each other and they meet at the respective third 
opening 12, 26 and there again leave the duct, which in 
Fig. 2 is illustrated by arrows F3 , F6. 

25 Arrows Fl and F3 also illustrate with their asso- 

ciated wave-shaped symbol that the airflow which they 
represent has a different temperature from the airflows 
passing into the fan unit 1. In the unit 1 shown in 
Figs 1-3, whose large face 2 0 is intended to be directed 

30 towards said apparatus housing C and whose openings 19, 

23, 26 therefore communicate with the inside of the hous- 
ing C, the airflows F4 and F5 directed into the openings 
19 and 23 thus have a higher temperature than the airflow 
F6 directed away from the opening 2 6 while in the open- 

35 ings 7, 10, 12 in the opposite large face 8 of the unit 
1, said openings communicating with the outside of the 
housing C, the airflows Fl and F2 directed into the open- 
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ings 7 and 10 have a lower temperature than the airflow 
F3 directed away from the opening 12. The reason for this 
is that between the two ducts 6, 13 of the unit 1 heat 
exchange is effected by means of a heat -exchanging ele- 
5 ment 2 which is common to both ducts. This will be 

described in more detail below by way of a second embodi- 
ment of the fan unit and with reference to Pigs 4 and 5 . 

As is evident from Figs 4 and 5, a fan 3 is mounted 
in the opening 7 and a fan 22 is mounted in the opposite 

10 opening 19. Between these fans 3 and 22 the two separate 
ducts 6, 18 are formed, which in the longitudinal direc- 
tion of the unit 1 extend up to the pair of fans at the 
opposite end of the unit 1. The two ducts 6, 18 are sepa- 
rated by said heat -exchanging element 2, which in the 

15 shown embodiments consists of a thin aluminium sheet bent 
in a meandering manner. This forms a plurality of ridges 
30 extending in the longitudinal direction of the unit 1, 
and intermediate troughs 31, and divides the two ducts 6, 
18 into a plurality of parallel passages 32 which jointly 

20 have a very large surface which is favourable for heat 
exchange . 

Fig. 4 also shows how the electric connection of the 
fan unit 1 according to the invention can be designed. To 
the left in this figure, a switch box 33 is shown, from 

25 which lines 34-37 extend to be connected to the four fans 
3, 4, 22, 25. Moreover, two lines 38, 39 extend from the 
switch box 33 and connect two temperature sensors 27, 28 
(indicated in Fig. 2 by dashed lines) with control equip- 
ment in the switch box 33, the temperature sensors 27, 28 

30 being arranged at the third opening 26 of the second duct 
18, said third opening leading into said apparatus hous- 
ing C. The different operational conditions which are 
feasible with such a temperature sensor and fan arrange- 
ment has been described in detail above and need not be 

35 repeated. 

Figs 6-9 illustrate the currently preferred embodi- 
ment of the present invention. This comprises a fan unit 
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1 with a first duct 6 of the same type as in the above- 
described embodiments and a heat -exchanging element 2 
having a back 17 v;hich is formed inside a second tubular 
duct 18. This has a first duct opening 19 formed in a 
5 duct wall 20 at a first end 21 of the duct 18, and a 

second duct opening 23 formed in the duct wall 20 at an 
opposite end 24 of the duct 18. A fan 22 is arranged in 
the second duct opening 23 to generate in an extracting 
manner an airflow F4, F6 which flows into the second duct 

10 18 through the first duct opening 19 and out of this duct 
18 through the second duct opening 23. 

In contrast to the embodiments described above, 
the third opening 12 of the first duct 6 is. in the pre- 
ferred embodiment arranged closer to the first than to 

15 the second opening 1 , 10 since this has proved to result 
in a slightly higher degree of efficiency. Moreover, in 
the preferred embodiment a temperature sensor 29 is 
arranged to permit regulation of the speed of the first 
and the second fan 3, 4 in dependence on the temperature 

20 level in a chamber Q., the sensing of temperature taking 
place at the second duct opening 23 of the second duct 
18. 

Those skilled in the art realise that the inventive 
fan unit 1 can be designed in many different ways within 

25 the scope of the claims and specifically that within 

this scope it is possible to arrange, in addition to said 
first and second duct opening and the intermediate third 
duct opening, additional openings provided with fans, and 
intermediate outlet openings so as to obtain either a 

30 higher cooling effect or still greater reliability in 
operation. 

Those skilled in the art also realise that it is 
possible to arrange, within the scope of the claims, 
more than two thermosensors and associated thermostats 
35 for controlling, for example, four fans in a plurality 
of cooling effect steps. 
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CLAIMS 

1. A fan unit for cooling of heat -generating equip- 
5 ment (E) , such as electric components, said unit compris- 
ing an air-cooled heat -exchanging element (2) which is 
adapted to remove heat from said equipment (E) , and at 
least two fans (3, 4) which are adapted to blow air 
towards the heat -exchanging element (2) to increase its 

10 heat removing effect, characterised in that 
the heat -exchanging element (2) has a front (5) which is 
formed inside a first tubular duct (.6) having a first 
duct opening (7) which is formed in a duct wall (8) at a 
first end (9) of the duct (6) and through which a first 

15 fan (3) is adapted to blow air towards the front (5) of 
the heat -exchanging element (2) , a second duct opening 
(10) which is formed in the duct wall (8) at an opposite 
end (11) of the duct (6) and through which a second fan 
(4) is adapted to blow air towards the front (5) of the 

20 heat -exchanging element (2) , and a third duct opening 
(12) which is formed between the first and the second 
duct opening (7, 10), so that airflows (Fl, F2) generated 
by the first and the second fan (3, 4) meet at the third 
duct opening (12) to leave the duct (6) in the form of 

25 one airflow (F3) through said opening (12) . 

2. A fan unit as claimed in claim 1, charac- 
terised in that the duct openings (7, 10, 12) are 
formed in the duct wall (8) opposite to the heat-exchang- 
ing element (2) . 

30 3. A fan unit as claimed in claim lor2, char- 

acterised in that a first temperature sensor (13) 
is adapted to connect, by means of a thermostat, the 
first fan (3) when a first temperature level is exceeded, 
and that a second temperature sensor (14) is adapted to 

35 connect, by means of a thermostat, also the second fan 

(4) when a second temperature level which is higher than 
the first temperature level is exceeded. 
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4. A fan unit as claimed in claim 3, charac- 
terised in that the temperature sensors (13, 14) 
are adapted to sense the temperature levels at the third 
duct opening (12) . 
5 5. A fan unit as claimed in any one of claims 1-4, 

characterised in that the heat -exchanging 
element (2) is a cooling element provided with cooling 
flanges (15) which inside the duct essentially extend 
in the longitudinal direction of the duct (6) so as to 
10 divide the same into a plurality of parallel passages 
(16) . 

6. A fan unit as claimed in claim lor2, char^ 
acterised in that the heat -exchanging element (2) 
has a back (17) which is formed inside a second tubular 

15 duct (18) having a first duct opening (19), which is 
formed in a duct wall (20) at a first end (21) of the 
duct (18) and through which a third fan (22) is adapted 
to blow air towards the back (17) of the heat -exchanging 
element (2), a second duct opening (23), which is formed 

20 in the duct wall (20) at an opposite end (24) of the duct 
(18) and through which a fourth fan (2 5) is adapted to 
blow air towards the back (17) of the heat -exchanging 
element (2) , and a third duct opening (26) , which is 
formed between the first and the second duct opening (19, 

25 23), so that airflows (F4, F5) generated by the third and 
the fourth fan (22, 25) meet at the third duct opening 
(26) to leave the duct (18) in the form of one airflow 
(F6) through said opening (26) . 

7. A fan unit as claimed in claim 6, charac- 
30 terised in that the duct openings (19, 23, 26) 

are formed in the duct wall (20) opposite to the heat- 
exchanging element (2) . 

8. A fan unit as claimed in claim 6 or 7, char- 
acterised in that the second duct (18) communi- 

35 cates with a hermetically sealed chamber (C) in which 
said heat -generating equipment (E) is arranged. 
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9. A fan unit as claimed in claim 8, charac- 
terised in that a first temperature sensor (27) is 
adapted to connect/ by means of a thermostat, a fan (3, 

4) at the first duct (6) and a fan (22," 25) at the second 
5 duct (18) when a first temperature level is exceeded 
inside the chamber (C) , and that a second temperature 
sensor (28) is adapted to connect, by means of a ther- 
mostat, also the remaining fans (3, 4, 22, 25) when a 
second temperature level which is higher than the first 
10 temperature level is exceeded inside the chamber (C) . 

10. A fan unit as claimed in claim 9, charac- 
terised in that the temperature sensors (27, 28) 
are adapted to sense the temperature levels inside the 
chamber (C) at the third duct opening (26) of the second 

15 duct (18) . 

11. A fan unit as claimed in claim 1 or 2, 
characterised in that the heat -exchanging ele- 
ment (2) has a back (17) which is formed inside a second 
tubular duct (18) having a first duct opening (19) which 

20 is formed in a duct wall (20) at a first end (21) of the 
duct (18) , and a second duct opening (23) which is formed 
in the duct wall (20) at an opposite end (24) of the duct 
(18) , a third fan (22) being adapted to generate an air- 
flow (F4, F6) flowing into the second duct (18) through 

25 the first duct opening (19) and out of the same duct (18) 
through the second duct opening (23) . 

12. A fan unit as claimed in claim 11, char- 
acterised in that the third opening (12) of the 
first duct (6) is arranged closer to the first than to 

30 the second opening (7, 10) . 

13. A fan unit as claimed in claim 11 or 12, 
characterised in that the duct openings (19, 
23) are formed in the duct wall (20) opposite to the 
heat -exchanging element (2) . 

35 14. A fan unit as claimed in any one of claims 

11-13, characterised in that the second duct 
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(18) communicates with a hermetically sealed chamber (16) 
in which said heat -generating equipment (E) is arranged. 

15. A fan unit as claimed in claim 14, char- 
acterised in that a temperature sensor (29) is 

5 adapted to regulate the speed of the first and the second 
fan (3, 4) in dependence on the temperature level inside 
the chamber (C) . 

16. A fan unit as claimed in claim 15, char- 
acterised in that the temperature sensor (29) is 

10 adapted to sense the temperature level inside the chamber 
(C) at the second duct opening (23) of the second duct 
(18) . 

17. A fan unit as claimed in any one of claims 
11-16, characterised in that the third fan 

15 (2 2) is arranged at the second duct opening (23) of the 
second duct (18) . 

18. A fan unit as claimed in any one of claims 6-17, 
characterised in that the heat -exchanging ele- 
ment (2) is a sheet metal element which is folded in an 

2 0 essentially meandering manner and which has ridges (30) 
and intermediate troughs (31) inside the ducts (6, 18), 
the ridges and the troughs (29, 30) extending in such 
manner in the longitudinal direction of the ducts (6, 18) 
that these are each divided into a plurality of parallel 

25 passages (32) . 
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